Seabed resources like sea-floor hydrothermal deposits and methane hydrate have lately become a subject of special interest as potential alternative resources for the future. It is, however, difficult to estimate accurate abundance of those resources. One of the reasons is considered that effective methods for such exploration have not been well established. On the other hand, undersea technology and exploration technique on land have recently achieved remarkable development. Thus appropriate exploration near the sea floor must advance great development of the seabed resources. From this point of view, we started a project to develop new deep-sea exploration tools for the seabed resources by electrical and magnetic methods with financial support of the Ministry of Education, Culture, Sports, Science & Technology (MEXT). In this project, we are working on research and development regarding measurement of the magnetic field with high resolution and high sampling rate, electrical exploration with accurately controlled source signals, electrical exploration tools for shallow and deep targets, versatile instruments of electrical and magnetic explorations with multi-platforms (deep-tow system, ROV (Remotely Operated Vehicle), and AUV (Autonomous Underwater Vehicle)), comprehensive analyses of electrical, magnetic, acoustic and thermal data, and so on. We finished basic designs of the magnetic and electrical observation systems last year, and we are now manufacturing each instrument. So far, the first test of the magnetic exploration system was carried out in the Kumano Basin during the R/V Yokosuka cruise in July, 2009. We will present the outline and the current state of the project in this presentation.
INTRODUCTION
Seabed resources have recently attracted much attention not only in Japan and also in the world 1) . This trend is behind rapid changes in the international situation for natural resources. The global resource demand is increasing mainly due to high economic growth in Asia. It causes soaring prices of energy and mineral resources, increased competition of resource development, resource nationalism, and so on. In this situation, it becomes more important to maintain a stable supply of the resources. This issue is more serious especially in Japan that is poor in the resources. Therefore resource-poor countries like Japan need to strengthen every effort such as resource diplomacy, resource development, and resource recycling.
One of the kinds of effort is development of (deep) seabed resources that is undeveloped in the most parts of the oceans. The seabed resources are attractive for Japan because Japanese territorial waters and exclusive economic zone potentially hold an abundance of energy and mineral resources (e.g. methane hydrate, sea-floor hydrothermal deposit, cobalt-rich crust, etc.). Further, legal framework for the ocean has been built gradually 3) . The United Nations Convention on the Law of the Sea was adopted at the UN Conference of the Law of the Sea in 1982, and it came into effect in 1994. Japan ratified it in 1996. She also enforced a domestic law, the Basic Act on Ocean Policy, in 2007.
These circumstances give favorable conditions to the development of the seabed resources. However, there are many problems before industrialization of the deep seabed resources. The first problem is how we estimate amount of their resources precisely. It is necessary to establish effective methods of exploration of the seabed resources.
With these points as a background, a development program of fundamental tools for exploration of deep seabed resources was started in 2008. Our project has carried out as a part of the program. In this project, we are developing new deep-sea exploration tools for sea floor resources by electrical and magnetic methods. We will here introduce the outline and current state of the project.
OUR PROJECT
The purpose of this project is to develop fundamental technology for an accurate investigation of structures under the sea floor, which is useful to estimate amount of the seabed resources precisely. The principle object of the seabed resources is a sea-floor hydrothermal deposit.
Conventional investigations of the sea-floor hydrothermal deposit are a sea-floor drilling and a geophysical survey on the sea such as bathymetry survey, gravity survey, magnetic survey, seismic survey, etc. The sea-floor drilling is a direct method to investigate the existence of the deposit and a grade of ore. It, however, needs much time and labor, and does not always reach the bottom of the deposit. Those geophysical surveys are easier and efficient in comparison with the above method. But they could not give sufficient information for estimation of the sea-floor hydrothermal deposit with a resolution of several to several tens meters, because it usually exists at a depth of 500 m to 3,000 m.
The most promising solution to those problems is considered to be geophysical surveys near the sea floor. Undersea technology and exploration technique on land have made steady progress with the advancement of computer. In undersea technology, deep sea vehicles such as Remotely Operated Vehicle (ROV), Autonomous Underwater Vehicle (AUV), etc. have rapidly developed in recent years. In metal exploration on land, electromagnetic methods have been much improved 3) . Thus we consider that electromagnetic methods using those deep sea vehicles will much improve exploration of the sea-floor hydrothermal deposit. Figure 1 illustrates a concept of explanation of the sea-floor hydrothermal deposit Our project consists of the following three development themes: magnetic exploration system, electrical exploration system, and processing and analysis system (Figure 2) . Through these developments, we will realize measurement of the magnetic field with high resolution and high sampling rate, electrical exploration with accurately controlled source signals, electrical exploration tools for shallow and deep targets, versatile instruments of electrical and magnetic explorations with multi-platforms (deep-tow system, ROV, and AUV), comprehensive analyses of electrical, magnetic, acoustic and thermal data, and so on. The research system of this project is composed of specialists in geophysical exploration and undersea technology from Tokai University, Kyoto University, Japan Agency for Marine-Earth Science and Technology, and Shizuoka University (Figure  4) .
Last fiscal year, we carried out basic designs of the magnetic and electrical exploration systems, development of sensors of three-component magnetometer and total intensity magnetometer, development of parts of a transmitter and receivers, and a basic design of processing and analysis system. We are now planning to finish basic systems of magnetic and electrical explorations, to conduct several performance tests of those systems in the sea and in the air (for the magnetic system), and to development of real time data processing system.
A RESULT OF MAGNETIC METHOD
We carried out the research cruise (vessel: JAMSTEC R/V YOKOSUKA YK09-09, cruise period: 19-29 July 2009, area surveyed: Kumano-nada, off Kii Peninsula, Japan) to investigate the performance of developed equipments for magnetic exploration. Figure 5 shows the configuration of the system.
We mounted the Overhauser and two flux-gate magnetometers on the YOKOSUKA deep-tow system and the AUV URASHIMA. We also made artificial magnetic target which is consisted of 50 neodymium magnets for this test (Figure 6) . At first the magnetic target was put under water and its position was measured by the acoustic method. The depth of target is about 2,050 meters, and the measurement was performed in the circle of a radius of about 300 meters. The AUV and deep-tow system were navigated at heights of 25 meters and about 15 meters, respectively. Each of underwater navigation was practiced for two times. Those measurements were carried out successfully, which means that we detected expected magnetic anomalies caused by the target. We will be able to estimate three-dimensional distribution of anomalous magnetic field, and the source property of magnetic target. However, we have to resolve some problems; (1) elimination of noises caused by the vehicles themselves, and their attitude, and (2) precise estimation of the position of vehicles, and so on.
CONCLUSIONS
Seabed resources like sea-floor hydrothermal deposits and methane hydrate have recently attracted interest as potential alternative resources for the future. In this context, a development As a part of the program, we are developing the magnetic and electrical exploration systems using those deep sea vehicles such as deep-tow system, ROV, AUV, etc., and their processing and analysis systems. The purpose is to develop fundamental technology for an accurate investigation of structures under the sea floor, which is useful to estimate amount of the seabed resources precisely. We finished basic designs of the magnetic and electrical exploration systems last year, and we are now manufacturing each instrument. So far, the first test of the magnetic exploration system was carried out in the Kumano Basin during the R/V Yokosuka cruise in July, 2009. In the test, we successfully detected expected magnetic anomalies produced by the man-made magnetic target. In addition, several performance tests of those systems will be conducted in the sea and in the air (for the magnetic system) this year. We will here present the outline and the current state of the project. 
Figure 6
The magnetic target used in this test.
